This study explores executives' perceptions of cross-disciplinary knowledge in coming era of smart work and smart businesses. An instrument was developed, asking questions about future of higher education specifically related to the cross disciplinary knowledge. Findings indicate that executives maintain very high opinions concerning the value of cross-disciplinary knowledge as a critical contributor to the successful cross-disciplinary operation of their businesses. They seem to understand clearly that science and technology may not benefit their businesses unless it is applied in a cross-disciplinary manner. Executives' priorities on cross-disciplinary knowledge domains are revealed and discussed in detail with implications and further research issues. 
Study procedure
Knowledge based society is coming and the need and requirements of higher educations are changing. This study explores executives' perceptions of cross-disciplinary knowledge in future higher education. An instrument was developed, asking about future of higher education specifically related to the cross disciplinary knowledge. The instrument for this study was developed in stages.
Instrument development: First, three executives were recruited for discussing and identifying a rough list of related topics for and of their own business operations. At the beginning of the session, the researcher briefed the participants on the goal of the session and triggered their discussion around issues involving science and technology in their businesses. The goal of this session was to identify relatively large-grained topics concerning science and technology and the use of science and technology in business operations. At the next stage of instrument development, other three experts were recruited for the actual item development. Topics identified in the first session were delivered and briefed at the beginning of a focus group session. Forty questions were delivered at the end.
Data collection: For data collection, business executives were recruited from various executive programs at a university. Initially, program coordinators were contacted by email and phone to solicit their participation. Printed questionnaire were delivered on the designated day of the class. Briefing of the purpose and methods of the study was done before handing out the questionnaires. SPSS was used for the analysis.
Analysis
Relative importance of different knowledge in career development: The first set asks about which fields of knowledge these business executives viewed as more important when promoting their employees. The means of responses are presented in table 1. Organizational communication was assessed as highest (4.64/92.8%) while science and technology was lowest (3.63/72.6%). Interestingly, score increases from U1 to U7 incrementally. To verify the differences in the means of these seven areas statistically, an independent sample t-test was conducted for each adjacent pair. Statistically significant differences in means were found in every pair except two: between U3 and U4 (creative art and economic policy), and between U5 and U6 (business management and social ethics). Most of all, communication skills seems to be most critical for being promoted, with ethics and management-related knowledge following. An understanding of economy/policy and creativity/art comes next, while domain knowledge comes last. This is consistent with previous findings in human resource research (Allred, Snow, & Miles, 1996) , in which cross-disciplinary knowledge and collaborative leadership along with good personal traits of flexibility, integrity and trustworthiness were critically emphasized to become a good manager. Relative importance of different knowledge orientations in recruiting: Next questions dealt with the importance of knowledge areas referenced in recruiting new employees. R1 asks about knowledge of their own academic area while R2 asks about knowledge about the business of the company for which they want to work. R3 ask about the importance of knowledge related to STS while R4 explores the importance of general cross-disciplinary knowledge. From the perspective of business operations, it seems natural for executives to value practical knowledge more than academic knowledge. Together with the analyses of the seven knowledge area mentioned above, it can be concluded that business executives value cross-disciplinary knowledge and application capability much more than in-depth academic knowledge in a particular area. Therefore, it can be expected the cross-disciplinary knowledge would be valued somewhat higher than STS, as STS seems to be more specific. A comparison of R3 and R4 met this expectation. We found statistically a significant difference between R3 (3.67, 73.4%) and R4 (4.13, 82.6%). General cross-disciplinary knowledge seems to be valued much higher than specific STS-related knowledge (Coll & Zegwaard, 2006) . This can be ascribed to the fact that the range of cross-disciplinary knowledge is seen as more comprehensive than STS-related knowledge. Status of cross-disciplinary education and training: Next, the survey inquired into the current status of cross-and inter-disciplinary education and training programs in place. First, of all education areas, the proportion of science and technology education was scaled at 20%, 40%, 60%, 80%, and 100% (E1). The mean for E1 was 2.7448 (roughly 54.89% of all education and training). This was slightly higher than the expected value. Question E2 and E3 examine the proportions of cross-disciplinary training. E2 asks about relative frequencies of science and technology education given to humanities and social science majors while E3 asks about the relative frequency of education related to humanities and social science given to science and technology majors. The answer was scaled into five levels: never, once or twice a year, once or twice a quarter, once or twice per month, and constantly at work. The means for these questions were 2.81 and 2.86, respectively, which may lead to the conclusion that crossdisciplinary training is given at least once but less than twice every quarter. Assessing the priorities of cross-disciplinary courses: The last set of questions concerned the importance of actual course offerings of a cross-disciplinary nature to be offered in this type of education and training program. A list of courses was built from an Internet search and from expert input at the second phase of survey development. After refinement, the expert panel formulated a list of twelve courses most commonly offered in this type of program across the globe, as listed in Table 12 . Here, the respondents were asked to rate the importance of each subject using a five-point Likert scale. Means for each course are presented in Table 12 , with the highest at the top and lowest at the bottom. A matched samples t-test comparison was conducted for sets of adjacent pairs to test whether the differences were statistically significant. Three out of twelve courses marked a mean score higher than four: science technology communications (4.34), technology management (4.10), and science technology entrepreneurship (4.02). This finding can be interpreted to mean that business executives highly value flexible communicative competence, which may be obtained by employees trained in a cross-disciplinary manner. Executives gave prominently higher marks to science technology communications. It can thus be inferred that they also value highly business-related applications of this cross-disciplinary knowledge as they gave relative high marks to technology management and related entrepreneurship. Between scores of 3.5 and 4, six courses were positioned: science technology society (3.95), science technology policy (3.91), science technology ethics (3.90), cyber ethics (3.88), technology market analysis (3.84), and science technology literature (3.81). These second-group courses are mostly related to social issues. Three courses were rated below 3.5 with statistically different mean scores compared to the second group, which was related to social issues of science and technology. These courses were science technology art (3.42), science technology philosophy (3.34), and history of science and technology (3.24). The last group deals issues related to humanities of science and technology.
Discussion
Executives value science and technology very highly and understand that it helps their employees solve business problems. Also, in terms of subareas of knowledge, executives value organizational communications very highly, as it integrates several areas of cross-disciplinary knowledge, followed by social ethics, business management, economy and policy, creativity and arts, humanities and social sciences, and science and technology, in this order. When recruiting new hires, it seems that they also emphasize cross-disciplinary knowledge beyond the specifics of majors in the college. They understand the critical need for cross-disciplinary training when promoted to a higher level of management, and they conduct these types of training events at least once every quarter. Most executives demand that their recruits have college-level cross-disciplinary education and training, though they are willing to offer post-hire in-house training on these issues. Findings of this study provide a good basis for the development of future cross-disciplinary education and training programs in coming smart working era.
